4 &) INTERNATIONAL ATOMIC ENERGY AGENCY 
LN L INSTRUMENTATION UNIT 


SMD 
(SURFACE MOUNTED DEVICES) 


REPAIR 


S. WIERZBINSKI 


FEBRUARY 1999 


SMD (SURFACE MOUNTED DEVICES) REPAIR 


Rae : 7 : ; Sg mi! fi. bk te a ao Seal wy, : ¢: a 7 ‘ A 
rae ‘- r / “ J tv Re ‘ ‘a ; as weer dee 


4 : BS Carag 
pt ae Ane sa eH aay 
235 ‘iva G aa i we 
‘ ; ee me \ 2 
¢ ee ree ra 
| Pt 0 es ber bs Ca 
: " 
} , u Ms r . \ t m : Pe . 
| ; ie 
‘i Oho yee mel gs Aa. i ae ty ae ail et 
q MS) : . KP rea aT is if ica the Ki A Apiie ‘ge hie my, fo 
{ ited 14") Ai af sae ; Bay 477% * % j i) me 
fs any Ft an nae ey my pal 
i" * ‘ 


ian Ma 


keer Fe Sip ee “ = copa ane 
oon 


Saat BaON | 


(f) INTERNATIONAL ATOMIC ENERGY AGENCY 


WY INSTRUMENTATION UNIT 


TABLE OF CONTENTS 


1. INFRODUCTION 

2. SMD ADVANTAGES 

3. SMD LIMITATIONS 

4. SMD DIALECT 

5. SMD SIZES AND DIMENSIONS 

5.1. SMD RESISTORS 

5.1.1. CONSTRUCTION OF THE SMD RESISTORS 

5.1.2. MARKING OF THE SMD RESISTORS 

5.2. SMD TRIMMPOTS 

5.3. SMD CERAMIC MULTILAYER CHIP 
CAPACITORS 

5.4. SMD TANTALIUM CAPACITORS 

5.4. SMD DIODES AND TRANSISTORS 

5.5. SMD INTEGRATED CIRCUITS 

5.5.1. DIMENSIONS OF SO - , VSO - , PLCC - AND 

QFB - CASES 


SMD (SURFACE MOUNTED DEVICES) REPAIR 


PAGE 


BONNMOODRAW 


a 


a0Aa 


DAADOWAT TO 


—— 
od 
bees 


orm = 
— — —¥ 


BAOTIDAIAD MULATY 7 OMe. soe 
BAOTzisHArT GMA 230010 M2 Ae 
2TIUDAIO GATAAOITH! OMe 2.8 

qUA- 9019, - O8V , - 02 30 2MOlvaMIC 1.2.8 
AAEAD - G0 = 


(& INTERNATIONAL ATOMIC ENERGY AGENCY 
N INSTRUMENTATION UNIT 


1. INTRODUCTION 


At earlier eighties began a trend to replace a traditional through - hole technique with the 
surface mounted technology (SMT) using surface mounted devices (SMD). The SMT, al- 
though intended in nrincinle for automatic manufacturing only exnand more and more, even 
inio a hobby worid. This irend wii coniinue, because many new Componenis are avaiiabie in 
SMD versions only. The SMT technique opens advantages and new applications through 
miniaturising of the components and increasing of reliability. The industry standard unfortu- 
nately allows that most of the SMD components does not have a clear description. Since a 
tiny size of the components they are labelled with a code. Therefore a sure identification of 
the i di is ida Dealt! ey, stappropriate ce pocumentayom Ore Oyes the 
ni oni — i nt Att. a ae tt nn at tie poeehas soa mpg note i. te 


Shes alll of this factors i is SMD for beginners a very hard ion 


This brochure brings a help and clearance for a newcomer and moreover should help a 
service technician to start a repair of the instruments made with the SMD components. It 
presents most of the SMD components available at the 1998 end with pin-outs and encoding 


comparison te tables: SMD u elassic and classic / SMD. Ths SMD dacs not nrosont a “now 


technique’, it is only a miniaturisation of the components. But this components requires a 
different processing technology. 


Surface mounted devices (SMD) are active and passive electronics components without 
conventional connecting wires. 


int ies on iweriiorica there: = rae tech pie witty ine co Bin ee Cees are ono rs or it 1. 


“components side” of the printed circuit board (PCB), wires inserted into holes, and soldered 
to the copper pads on the opposite, “solder side” of the PCB. 


The SMD components will be placed on the “solder side” of the PCB and their metal caps 
soldered to the copper pads of the PCB. Therefore both layers of the PCB could be used as 


maatinen arene A thinbeas-= af PCRs sraandl fae CRAIN 32 hater nan Nn a Be 4 DD wee ae ataw eal 
BCuVvée areas. A thickn twSS Orr Us uses ior SMD is betty UTC U.S Gt 1.wu Gai. PHisSwoncay 


roots of SMD are hybrid circuits on the ceramic substrates (middle of seventies) but a huge 
industrial applications of SMD started on a begin eighties. 


Miniaturisation of the SMD does not stop. Distance between connection pins is reduced to 
0.5 mm (past standard 1.27 mm). The winning standard for capacitors and resistors is 0402 
(1.0 x 0.5 mm). The 0402 standard requires ten times less area then standard 1208 and five 
times less then standard 0805. 
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. SMD ADVANTAGES 


PCBs area much smaller then by conventional through - hole components. 

Since the both layers of the PCB could be used for assembling the final PCBs area for 
the same circuits could be decreased by 50 %. 

Simple assembling - no bounding and cutting of the wires. 

Automatic assembling very easy. Low cost of the assembling. 


cuits a volume of a module assembied with SMD could be reduced to 30 % of the device 
assembled with the conventional technique. Therefore a size of the whole instrument de- 
crease, too. 

Very high resistance to mechanical shock and vibration. 

Low store and transport cost. Low store area and volume. 

Thin pads. 


For great series low manufacturing cost. 


3. SMD LIMITATIONS 


The real goal of the SMD apolications are a maximal packing density and finally valume re- 
duction of the modules and instruments. Exactly this generates for which responsible are not 
the SMD themselves, but the miniaturisation in general. 


uF 


re 


in > 


Using ICs with a high amount of the pins (raster 0.5 to 1.27 mm, max. 148 pins) makes 
placing of the paths between IC pins impossible. 

Design of SMD layout is very complex. Distances between soldering pads are fix. Di- 
mensions and distances beiween paihs depends from soldering technoiogy used by 
manufacturer. 

High packing density brings thermal problems. Power dissipation of the power compo- 
nents is transferred directly through a copper layer of the PCB. The high temperature of 
the layer influence a neighbour components. 

Lack of the general SMD normalisation. 

Not all! SMD components are labelled with a clear text. Moreover, very often the compo- 
nents have no labels at all. 

Repair is more complex and difficult than by the conventional components. 
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4. SMD DIALECT 
SMD ’ Surface Mounted Devices 
(active, passive and electromechanical components) 
SMT Surface Mounted Technology 
(assembling and montage technology) 
SMA Surface Mounted Technology 
(module assembled with SMT) 
SMD /C Surface Mounted Devices / Components 
(components for SMT) 
SMP Surface Mounted Packages 
(SMD case forms) 
SME Surface Mounted Equipment 
(SMT assembling machines) 
so Smaiti Outtine 
(4 to 28 pins) 
vso Very Small Outline 
(40 pins) 
SOP Small Outline Package 
(case) 
SOD Small Outline Diode 
SCT Small Outline Transistor 
SOIC Small Outline Integrated Circuit 
cc Chip Carrier 
LCC Leadless Chip Carrier 
PLCC Plastic Leadless Chip Carrier 
LCCC Leadless Ceramic Chip Carrier 
MELF Metal Electrode Face Bonding 
MINI MELF Mini Metal Electrode Face Bonding 


MICRO MELF Micro Metal Electrode Face Bonding 
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The coded description of the any SMD case form consists four digits which represents a 
length and a width in 1/100” (2.54 mm). 


Length of the chip 
‘ 


Width of the chip 
EXAMPLE: 
Form 0805 
Length 25.4 mm x 0.08 = 2.032 mm 
Width 25.4 mm x 0.05 = 1.27 mm 


5.1. SMD RESISTORS 


Table 5.1.1. Dimensions of the thick film chip resistors 


FORM 


MINIMFI F 


3.€ 4 
i MiICROMELF | i 2.0 1.27 j 
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CMN resistors are availahla nea chin frectanaular form), orasa MELE {ovlinder form). In 
wives Tay ttc tw te Ut fee ts rete te 


SMT instead of the jumpers “zero © resistors” are used. They are available in all standard 
SMD resistors dimensions and coded mostly with “000”. 


The most popular resistors case forms are 1206 (I = 3.2 mm, w = 1.6 mm, h = 0.6 mm, 
Pmax =0.25 W by 70°) and 0805 (I = 2 mm, w= 1.25 mm, Pmax = 0.125 W by 70°). 
The rectangular chip forms are the same as for capacitors and could be processed by layout 


mocinmn 2cc¢ embiing ang raoair tA ite) ins cams ru oc 
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The resistance values range is between 1 Q and 10 MQ and “zero Q” jumper. 


Chip resistors are constructed with use of the thick film technique on a ceramic substrate. 
They have metallic areas on the narrow ends of the chip, which allows soldering. The resis- 
tive path is covered with a protective glaze. Chip resistors could be soldered with all common 
soldering techniques: reflow, wave and solder iron. 


5.1.2. MARKING OF THE SMD RESISTORS 


5% and 2% SMD chip resistors are available in values according to IEC E 24 line and 
marked with the following code: 
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Table 5.1.2.2. Examples 


lead 
- A= 1* digit of the resistor’s value 


B = 2™ digit of the resistor’s value 
A, .BimeG C = number of zeros 


MPRINT RESISTANCE VALUE 


Table 5.1.2.3. 1% resistor code 


RESISTOR IMPRINT 
100 Q to 988 2 POOKXR Ieee ae Fa ee IE 
XXXX 


[4 kO to 1MO 


Table 5.1.2.4. Examples 


| 4732 i A = 1" digit of the resistor’s value 

B = 2™ digit of the resistor’s value 
 '8'G Gp  D=numberofzeros itit—t* 

IMPRINT RESISTANCE VALUE 

634R 


MELF resistors are available in the three case forms: 
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MELF form 0204, =5.9 mm, d=2.2 mm 
MINIMELF — form 0204, l=3.5 mm, d=1.5 mm 
MICROMELF ~ form 0207, I=2.2 mm, d=1.1 mm 


Resistance’s value of the MELF resistors are marked with the standard 4 or 5 rings code 
used by conventional resistors. MELF resistors are available in IEC E24, E96 and E192 
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“Zero Q resistors” are available. Maximum load current is 2 A. The labels are “O00” or “ORO”. 


Table 5.1.2.5. international resistors colour code 


© Ae ss 3 =e eee 
S-CULURS S COLE | 


5-COLORS CODE [4 
ee A 0.1%*1002-100kQ 
[browne ee 0 blue | 0.25%"470-100k0 
(ewes ee SS 0.5%6"100-330k0 


1 1%*10-5.1MQ 
| 2%*12-10MQ 


[peor ——— 1s] tof 
Se Van 


Ree ees ome: oo ae 
WO a ee ee ee 


5.2. TRIMMPOTS 


SMD trimmpots are available in two different mechanical cases: three and four pins. The 
fourth pin serves as a mechanical support only. The power dissipation of the SMD trimmpot 
is 0.2 W. The slide could be turned a full anale of 360°. but active anale is 270° only. The 
rest YU" is a "Gead zone”, where the slide has no contact to a resistance path. ihe value of 


resistance vary between 100 Q and 1 MQ. 
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53. CERAMIC MULTILAYER CHIP CAPACITORS 


Ceramic multilayer chip capacitors are available with a very wide range of values, from 0.47 
pF to 1 uF. This values are covered by seven cases forms. The forms depends of the ca- 
pacitors values. The most popular case are 0805 and 1206. Unfortunately this components 
are not marked, either with digital values, or colour code. This fact does not represent any 
problem for industry, where the components are assembled from the roll, but is very danger- 


BAR BAR FARR SAAN 


Gus or iné VG VILG LCUIHHVIGH,. 


Be very careful with non-marked components! Avoid mixing them! 


Table 5.3.1. Ceramic multilayer chip capacitors case forms. 


CASE FORM 


Bed rs a 
[isi tas fas ———“Tostwis —foswr0 


SMD (SURFACE MOUNTED DEVICES) REPAIR 10 


YOUTOA YORIMA SIM 


SROTIONAAD a9 Saya 
TAO mot eaulev to apni) abiw yev S ris ise: ie 
-89 sit to abneqeh ennot eat armot 2a289 one 
aicanogmes aint ystanuheinU 80S! na 2680 ens. 9389 
(nis Ingesrgay ton 290b Joat aii abo woles 10 RaUISY 


aoneb \1av 2 fod Hor off mot ‘beldmages 16 aineriownod ont st@riyy 
OHSS? Be 


riarit prixiny biovA tainenoqnvas ten aN 


estrot eaad eatlowsiso Gitte es te 


Of got red! 


OF 


4 Sp) INTERNATIONAL ATOMIC ENERGY AGENCY 
ory INSTRUMENTATION UNIT 


5.4. SMD TANTALIUM CAPACITORS 


SMD tantalum capacitors are available in different case forms, partly without printed 
values. The + polarity is marked by white line, or white “M”. The case forms depend 
of capacitance value and nominal voltage. 


Be 3.5x2.8mm 
Ce 16.0003.2 mm 
De 7.3x4.3mm 
The values are coded with digits, or with alphanumerical characters. 


CODING WITH DIGITS: 


° tote ee tong gives the ae digit at the ee value 
e third position gives the number of zeros for value in pF 


EXAMPLE: 


CODING WITH ALPHANUMERICAL CHARACTERS: 


CAPACITANCE CODE 


CAPACITANCE 


CODE an Se ane eee ee 


EUR Sis ae ee ee es ee 
OWES Ee a ee ee 


NOMINAL VOLTAGE CODE 


VOUTn aera : 
CODE eS ree 
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1 EXAMPLE: 


1.0 uF, 16V...... CA* 
0.22 uF, 35V..... VJ" 


Susans nse e ks i ix 
Rae A OW OV we ee 


5 
+1! Els] | - 


=e |i / ae 
Z i i 
NOMINAL CAPACITANCE 
VOLTAGE 
2 EXAMPLE: 


AGAa: 1.0x 10° pF = 1.0 uF 
a opted ee 2.2x 10° pF = 0.22 pF 
U6ra 2.2x 10° pF =2.2 nF 


CAPACITANCE 


NIOKAINI AI 
ESM IVEEE SF the 


VOLTAGE 
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5.4. SMD DIODES AND TRANSISTORS 


Almost all standard diodes and transistors are available as SMD components in 
SOT - 23, SOT - 89 and SOT - 143 cases. In general electrical parameters of SMD 


dindac and transistors ara tha seme as camnerahlia standard tynes in conventional 
Let eeetoe? cai eta tities cae th sees 


cases. SOT - 23, and SOT - 143 cases are used for components with power dissipa- 
tion 200 to 400 mW. SOT - 89 cases are used for power dissipation 500 mW to 1W. 
SMD LEDs are available in SOT - 23 cases. All SMD transistors are marked with 
codes. 
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Figure 5.4.1. SOT - xx cases 
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Table 5.4.1 Examples of SMD transistors coding. 


MARK COMPONENT CASE 
BC848A SOT -23 
Af> ; el@retelay@: aQNT 99 


TST es # eB ZF =£.) a 
1 . 


The same mark does not means the same component! 
lf SMD transistors with the same marks have different case forms their technical 
specifications are different as well! 


5.5. SMD iNiEGRAI ECD CIRCUIIS 


The first SMD ICs were manufactured on begin 70’ for hybrid technique. Nowadays 
(February 1999) are many of new ICs design manufactured in SMD only. 


ICs in SMD cases are electrically fully comnatible to tynes in DIL cases therefore 
both of them have the same marking. The different for SMD (SO-xx case jis oniy the 
last character of the mark; i.e. LM 324 N (DIL) = LM 324 D (SO). 


SO cases are produced with two different pin forms: 


4 nine hant aiteidn af tha racn 
2. PSEP SAF RFASE TE VLA EesIT sis LF LES Nese 


2. pins bent under the case 


Fig. 5.5.1. SO case forms. 


Pin 1 is marked by a white line on a top of the case or a cut on a front of the case 
(see Fig. 6.5.2). 
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white cut 
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Fig. 5.5.2. Pin 1 marking. 
Different case types have different pin forms and pinout. 


SO (Small Outline) is used for ics with 8 to 28 pins. Pins raster is 1.27 mm. Case 
width is 4 mm for 8, 14 and 16 pins cases and 7.6 mm for 8, 16, 20, 24 and 28 pins 
cases. 


VSO (Very Small Outline) is used for ICs with more than 28 pins. Pins raster is 0.76 


mm aris Wete’=Yet"s naar censor AT Tne nartics 
2st NE Me i oO ui At SN*AMZER MACARRA ADs Ake Reha Ad A ake Caricut har ep 


PLCC (Plastic Leaded Chip Carrier) cases are used for [Cs with more than 28 pins 
(i.e. 44 pins). Pins are placed on the all four sides on the case and bent under it. The 
iri Gt PIAS GIVES FSiatiVG High FESiStanC|e Gi HS PLU CaSE aGaiNnSt MEChanicai if- 
fluence. Negative is relative high case (4.57 mm standard) and localisation of the 
solder paths with pins raster 1.27 mm under the case. The soldering and following 


optical quality control of the connections are difficult. 


Number of pins is given in description of the case, i.e. PLCC - 20 means that the IC 
nas 20 pins. 
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Pin 1 mark 
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0,81 max. 


Table 5.5.3. PLCC - 44 case. 


QFP (Quad Flat Pack Case). in opposite to PLCC case the pins are bent outside of 
the case. Since it could have a very small raster (1 mm, 0.85 mm, 0.75 mm and 0.65 


mm) it represents a very compact case with very high count of pins (over 100). 
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Table 5.5.4. QFP - 48 case 
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5.9.1. DIMENSIONS OF SO - , VSO - , PLCC - AND QFB - 
CASES 


Table 5.5.1.1 — 


SO-20L 
SO - 24L 
SO - 28L 
ges ee ee 


aie ry AD Uschi 5 Re Aa 
au Fiat 


VSO - 56 
Mane gee Tae | 


reece 
PLCC - 20 


PLCC - 28 Zia AEE 11.58 
PLCC - 44 | 4 


Ta Se + 52 sa°> 


PLCC - 66 poor wa al 24.33 24.33 
PLCC- 84 [84.0 | 29.41 29.41 
[et corel ee 


aaa aor mired 
Hess 


“L” cases are around 4 mm wider than normal SO cases. The dimensions of plastic 
cases could vary, but raster and connection width of the pins are always the same. 
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